We analyzed the humoral immune response in 46 patients following structured treatment interruption (STI) to investigate the general potential of therapeutic vaccination in chronic HIV-1 infection. Evoked antibody titer increases to glycoprotein 120 (gp120) and p24 were low during 4 short-term STIs and only reached significance during a fifth long-term interruption. Although induction of binding antibodies to viral antigens was not associated with potent suppression of viremia, we observed that individuals with a rapid and high response to p24, and to a lesser extent also to gp120, lowered their viral set points significantly. Of note, the increase of the anti-p24 response correlated with specific CD4 T helper frequency to this antigen. Despite induction of binding antibody responses, which correlated with improved viral control, the increase in neutralizing activity was marginal and did not lead to this enhanced viral suppression. However, a subgroup of patients who potently suppressed viremia independently of STI had significantly higher pre-existing neutralization titers, suggesting a role of humoral immunity in conferring potent protection. In summary, measuring the kinetics of antibody responses provided a marker to validate the responsiveness and capacities of the immune system of HIV-1-infected individuals and reflected the patients' ability to decrease viral set points.
Introduction
Vaccination strategies against HIV-1 developed thus far have failed to induce immune responses that are in breadth and potency comaparable with those elicited during natural infection. [1] [2] [3] Moreover, it still remains unclear if solely cellular or humoral immune responses need to be evoked by an effective vaccine or if both arms of the immune system are required to procure protection. [1] [2] [3] In this study we assessed humoral immunity in response to antigenic challenge in chronically HIV-1-infected patients, who have partially restored immune functions after prolonged antiretroviral therapy (ART), to explore the feasibility of therapeutic vaccination. Because immunogens that induce broad antibody responses are not available, we studied humoral immunity stimulated by autologous virus replication in patients undergoing shortand long-term structured treatment interruptions (STIs) during the Swiss Spanish Intermittent Therapy Trial (SSITT). Overall, only a modest improvement of viral set points compared with pretreatment time points was procured by the SSITT despite a general increase in HIV-1-specific CD4 and CD8 T-cell responses. [4] [5] [6] [7] Potent control of viremia observed in 17% of patients was not induced by STIs but reflected low pretreatment viral set points. [4] [5] [6] Here we investigated antibody responses during this model vaccination trial to study the mechanisms underlying induction of humoral immune responses to HIV-1 and their relation to virus control in chronic infection.
Patients, materials, and methods

Patients
We studied humoral immune responses in 46 of the 133 chronically infected patients enrolled in the Swiss Spanish Intermittent Therapy Trial (SSITT) ( Table 1) . During the SSITT, patients underwent 4 consecutive STI cycles (2 weeks off, 8 weeks on treatment) followed by a fifth long treatment interruption (minimum of 12 weeks off treatment if no adverse effects occurred). 4, 5 Only patients who had at least one detectable rebound above more than 50 copies of RNA per milliliter during the 4 short STIs and who reached a viral load (VL) plateau during the fifth interruption before ART was resumed were included in the antibody analysis. For 22 patients enrolled at the University Hospital Zurich (Table 1 , group A) more extensive sampling was performed that allowed a detailed analysis of viremia rebounds, 5, 7, 8 T helper responses, and autologous neutralization activity. Written informed consent was obtained from all patients according to the guidelines of the participating clinical centers.
Plasma antibody titers to p24 and gp120 antigen
Plasma immunoglobulin G (IgG) titers to recombinant glycoprotein 120 (gp120) from the JR-FL strain (provided by W. Olson, Progenics Pharmaceuticals, Tarrytown, NY) and recombinant p24 (Aalto BioReagents, Dublin, Ireland) were determined by enzyme-linked immunosorbent assay (ELISA) as described. 9 Bound antibody was detected using alkaline phosphatase-conjugated anti-human IgG (Sigma, St Louis, MO) and the luminescence-generating CPD-Star system (Applied Biosystems, Rotkreuz, Switzerland). Midpoint titers were defined by linear regression analysis as the antibody dilutions giving half-maximal binding after background subtraction. Maximal binding was defined using the antibodies 2G12 and 37G12 (gifts from H. Katinger, Polymun, Vienna, Austria) as reference for anti-gp120 and anti-p24 antibody detection, respectively.
Plasma neutralization activity
Neutralization activity was evaluated as described with minor modifications. 10, 11 Buffy coats obtained from 3 healthy blood donors were depleted of CD8 ϩ T cells using Rosette Sep cocktail (StemCell Technologies, Vancouver, BC, Canada), CD8 Ϫ peripheral blood mononuclear cells (PBMCs) isolated by Ficoll-Hypaque centrifugation, and cells stimulated with phytohemagglutinin (PHA) and OKT3 as described. 10 Autologous virus was isolated from patient PBMCs during the first (week 2 of the trial) and the beginning of the fifth cycle (weeks 42 to 50) as described. 12 Virus inoculum was incubated with serial dilutions of heat-inactivated patient or control plasma for 1 hour at 37°C. Then, stimulated CD8 Ϫ PBMCs were infected with aliquots of this pre-incubation mixture. After 72 hours, cultures were washed 3 times and then supplemented with medium and fresh stimulated PBMCs. Cultures were incubated for 6 to 10 days and assayed for p24 antigen.
Production of p24 antigen in absence of plasma was designated as 100%. Neutralization titers refer to the concentrations of the plasma in cultures on day 0. The reciprocal plasma dilutions causing 70% and 90% reduction in p24 production were determined by linear regression analysis. If the appropriate degree of inhibition was not achieved at the lowest serum dilution (1:40), a value of less than 1:40 (Ͻ 1:40) was recorded. Only plasma sampled during periods with no ART was used for neutralization activity analysis.
HIV-specific CD4 ؉ T helper responses
Frequency of CD4 ϩ T helper cells reactive with HIV-1 p24 peptides was measured by interferon-␥ (IFN-␥) ELISPOT (enzyme-linked immunospot assay) as described. 6 
Data analysis
Statistical analyses were performed using GraphPad Prism version 4.0 (GraphPad Software, San Diego, CA). Because in several cases multiple testing was performed, we analyzed significance on the individual and also after significance level adjustments using the Bonferroni adjustment. In Figures 1B and 6A , multiple comparisons were done using 1-way analysis of variance (ANOVA) (Kruskal-Wallis test with the Dunn multiple comparison post testing).
The pre-ART viral load corresponds to the last plasma HIV RNA value recorded before ART or, if 2 measurements within 6 months before initiation of ART were available, to the geometric mean of those values.
The post-STI viral load represents the plateau of viremia after STI (viral set point) and was determined as the geometric mean of plasma HIV RNA levels measured after week 40, when a steady state was reached (usually between weeks 46 and 64).
Control of viremia. Patients were grouped according to their ability to control viremia in the absence of ART between weeks 40 to 76 into a controlling and a noncontrolling group. Control of viremia was defined as a VL of fewer than 5000 RNA copies per milliliter for at least 8 weeks during this time period.
Improvement of viral set point: difference between pre-ART VL and post-STI VL. Positive values indicate improvement (decrease) of VL; negative values, increase. A decrease of VL by 0.5 logs is considered a significant change.
Viral antigen level.
The total amount of virus produced during the individual cycles was estimated by calculating the AUC (area under the curve) of plasma viral load over time and used to demarcate viral antigen levels. 13 Baseline titer. Plasma samples derived at the beginning of cycle 1 (weeks 0 to 2) were referred to as baseline (or pre-existing) levels and titer increases measured relative to these values.
Maximum titer. This is the highest titer measured during the whole observation period.
Slopes of antibody induction between weeks 0 to 40 were calculated as ⌬ln(titer) per week by performing linear regression analysis.
Results
Repeated short-term exposure to viral antigen fails to boost humoral immunity
The primary intent of this study was to explore whether limited exposure to viral antigen, as present during vaccination or procured by brief viremic episodes during short-term STI, is capable of boosting humoral immunity in chronically HIV-1-infected patients who have widely restored immune functions as measured by elevated CD4 T-cell counts after successful antiretroviral therapy (ART). To this end we evaluated the induction of antibodies against HIV-1 envelope (Env) and Gag proteins in 46 patients in response to 4 consecutive 2-week and a fifth long-term treatment interruption during the SSITT (Table 1) . 4 Surprisingly, short-term STIs were highly inefficient in boosting antibody responses directed against viral antigens gp120 and p24 despite the repetitive and in most cases considerable exposure to viral antigen during the 4 short STIs ( Figure 1A ). 4 Both anti-gp120 and anti-p24 titer increases were low and only reached statistical significance during the fifth interruption ( Figure 1B ). Of note, anti-p24 and antigp120 responses did not segregate together in terms of magnitude: We found no correlation between either baseline or maximum anti-gp120 and anti-p24 titers ( Figure 1C) . To compare the timing and the kinetics of the responses to gp120 and p24, we calculated the slopes of the antibody induction during the 4 STIs. The analysis of antibody slopes was restricted to the period of short STIs, because the length of the fifth interruption varied substantially between patients. We found that although absolute titers to gp120 and p24 were not linked, kinetics of the responses showed considerable similarity and correlated significantly ( Figure 1C ).
Humoral immunity as correlate of viremia control
To explore whether pre-existing or novel induced antibody responses are correlates of viremia control, we stratified the 46 patients according to their ability to potently suppress viremia in the absence of ART below 5000 RNA copies per milliliter of plasma for at least 8 weeks (Figure 2A ). Controlling (n ϭ 18) and noncontrolling (n ϭ 28) patients were indistinguishable in terms of their total CD4 ϩ T-cell levels before and after STI, the length of their HIV infection before onset of ART, and also the duration of ART before entering the STI trial. As described previously, post-STI viral levels closely approximated pre-ART loads, indicating that pre-existing viral and immune properties lead to the potent containment of viremia observed in some individuals (Figure 2) . [4] [5] [6] [7] When we analyzed whether responses to gp120 and p24 were associated with this potent viremia control, we found no difference between controlling and noncontrolling patient groups in respect to the magnitude of anti-gp120 and anti-p24 antibody induction (Figure 2B-C): The maximum titer increases over baseline antigp120 and anti-p24 titers reached in the controlling and the noncontrolling group were indistinguishable.
Potent control was not induced by the SSITT but reflected pre-existing conditions. [4] [5] [6] [7] Nonetheless, a moderate improvement of viral set points occurred in a subset of patients. We thus investigated if humoral immunity stimulated in response to STIs had any influence on this improved viremia control. To this end we grouped patients according to their success in decreasing pretreatment VLs by at least 0.5 logs (Figure 3 ). Using this stratification, , and 455) had plateau VLs calculated from the 2 or 3 time points just prior to restarting therapy. In 2 patients (patients 107 and 130), the week-46 data point was part of a peak and was therefore omitted from the estimation of the plateau. For the 42 patients who remained off therapy for extended periods, an average of 7.33 data points were used to calculate the plateau VL (range, 3-12 data points).
‡Improvement of viral set point: log difference between pre-ART VL and post-STI VL. §Control of viremia was defined as VL less than 5000 RNA copies per milliliter for at least 8 weeks between weeks 40 and 76.
patient groups were indistinguishable in terms of pre-ART VL levels but differed significantly in their post-STI VL levels ( Figure  3 ). Again, no differences in CD4 ϩ T-cell levels, length of infection, or duration of ART existed between patient groups. However, patients who improved viral set points (n ϭ 16) mounted significantly higher anti-p24 antibody titer increases whereas anti-gp120 responses were equivalent in both groups. Interestingly, patients who failed to control or improve viremia after final cessation of ART had significantly higher pre-existing anti-gp120 titers but did not differ in their baseline anti-p24 reactivity (Figures 2 and 3 ). In agreement with this, anti-gp120 baseline titers correlated positively with post-STI viral loads (r 2 ϭ 0.23, P ϭ .0007). Thus, elevated pre-existing anti-gp120 titers were found at a higher frequency in patients who already had pre-existing high viral set points ( Figure 2 ) and in patients who developed or maintained high viral loads upon STI (Figure 3 ). These findings could imply that development of anti-gp120 is strongly governed by the supply of viral antigen. In addition, high baseline gp120 titers may also to some extent be indicative of patient histories with higher viral set points and consequently of immune systems with an advanced degree of destruction less capable of inducing novel antibody responses.
Influence of pre-existing antibody response on induction of antibody titers during STI
Anti-Env and anti-Gag antibody levels in plasma exceed HIV-1 antigen by several orders of magnitude. 9 Consequently, antigen capture by pre-existing immunity could partially prevent presentation and antigenic stimulation and thus limit the success of therapeutic vaccination. 
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This could be particularly of importance during STIs where autologous antigen is employed. When we probed for interdependencies between baseline titers and the novel induced responses, we found a striking disparity between reactivities to gp120 and p24: A strong inverse correlation between the magnitude of anti-gp120 titer increases and pre-existing responses existed whereas no such dependency was found for the induction of anti-p24 responses ( Figure 4A ). Moreover, antigen quantities needed to induce a 2-fold titer increase correlated strongly with baseline anti-gp120 but not anti-p24 levels. Therefore, anti-gp120 but not anti-p24 responses appeared to be governed by pre-existing responses to the respective antigen.
Remarkably, we also observed a significant inverse correlation between baseline anti-gp120 titers and the magnitude and slope of p24 antibody induction ( Figure 4B ). Thus, high pre-existing anti-gp120 titers were a negative correlate for induction of both anti-p24 and gp120 responses. No such associations were found between pre-existing and novel induced responses to p24. Although antigen capture by pre-existing anti-gp120 antibodies may well influence the efficacy of the anti-Env response, these data demonstrate that individuals with high pre-existing anti-gp120 titers could not react efficiently to new antigenic stimulation in general. This may well be the case, considering that high levels of baseline anti-gp120 antibodies were found in patients with high viral set points (Figures 2 and 3) , which are likely to be associated with more severe impairment of the immune system. What the impairments in immune functions in these individuals are will require further investigations. Patients included in this study were mostly ranked as clinical stage A (Table 1 ) and thus had not suffered from severe immune defects before starting ART. No association between absolute CD4 ϩ T-cell levels before or after STI and baseline gp120 titers existed. Equally, we did not note an association between length of HIV-1 infection or duration of ART and baseline anti-gp120 titers. Despite the lack of quantitative differences in CD4 T-cell numbers, qualitative differences may still occur, because particularly functional HIV-specific helper T cells are depleted by viral infection. 14 Moreover, it has been shown that the rise in CD4 T-cell number upon successful treatment is not generally accompanied by a complete reconstitution of immune functions. [15] [16] [17] Thus, absolute numbers of CD4 T cells cannot be envisioned as the sole parameter or the sole functional reason for immune defects.
Kinetics of antibody induction predicts improvement of viral set points
Anti-p24 and anti-gp120 titers increased during the 4 short-term STIs at a similar, low rate ( Figure 1C ). Most notably, the slopes of this elevation in titers reflected the extent of VL improvement ( Figure 5A ). Equally, when we calculated the weeks individuals needed to induce a 2-fold increase in anti-p24 titers, we found that a rapid induction of anti-p24 responses was associated with better control of VL upon STI.
By stratifying patients according to the anti-p24 response into an early and a late group, we confirmed that early responders had a significantly improved viremia control ( Figure 5B ). Of note, early and late responders were indistinguishable in regard to absolute VL levels before or after STI (data not shown).
In summary, anti-Gag responses were both with respect to magnitude and timing a powerful correlate of improvement of viremia control. A similar but less pronounced trend was evident The absolute amount of antigen to induce a 2-fold increase in titers against gp120 (left) and p24 (right) was estimated by calculating the total viremia load (AUC). Antigen levels were correlated with baseline activities against these antigens (n ϭ 22, group A; Table 1 ). (B) Correlation analysis of baseline anti-gp120 titers versus maximum anti-p24 titer increases and slope of anti-p24 response (n ϭ 46). For both panels, all significant observations were significant on the individual level and also after Bonferroni correction.
for the kinetics but not the magnitude of the anti-gp120 response (Figures 2, 3 , and 5A and data not shown). These results are very intriguing because they suggest that the ability of the immune system to mount a rapid antibody response during chronic infection may provide a measure for the ability of the immune system to react and to suppress viremia. Hence, measurements of antibody kinetics could provide a powerful tool in developing and assessing vaccines.
Anti-Gag responses are a potential surrogate measure for T helper activity
We previously reported that the viremic episodes during the 4 short STIs stimulated p24-specific T helper cell responses, 6 but no direct and consistent correlation between these responses and potent viremia control was detected. Here we show that the increase in anti-p24 titers but not the anti-gp120 response gave a modest correlation with T helper activity measured after completion of the 4 STIs ( Figure 5C ). It has been suggested that anti-Env and anti-Gag humoral immune responses are regulated differently and that anti-Gag responses are more dependent on active T help. 9, 18 Our results could potentially suggest that anti-p24 responses are indeed linked to T helper activity. If such a link can be established and confirmed by larger surveys of T helper activity and humoral immune responses, the assessment of p24 antibody responses as shown here may provide a useful surrogate marker for T helper function.
Pre-existing neutralizing antibody responses are a correlate of potent viremia control
We have recently shown that neither CD8 nor CD4 T-cell responses were correlates of the potent viremia control observed in a fraction of SSITT patients. [4] [5] [6] [7] Here we investigated the influence of neutralizing activity on suppressing viremia. In agreement with the analysis of gp120 and p24 reactive antibodies, neutralization responses against autologous virus isolates derived during the first and the fifth interruption cycle were not significantly altered in most patients in response to the 4 short-term STIs ( Figure 6A) . Concordant with binding antibody responses, neutralization activity increased during the long interruption interval in most patients. However, this increase was with few exceptions small and did not reach statistical significance. Therefore, VL improvement upon STI was not associated with a boost in neutralization titers in these patients (data not shown). We observed no statistically significant difference in neutralization activity directed against the early (first cycle) and late (fifth cycle) isolates ( Figure 6B ). Consequently, failure to detect improved neutralization activity upon STI was not due to evolving neutralization escape viral variants.
Although levels of HIV-specific CD4 ϩ and CD8 ϩ T-cell responses maintained during ART have been described to be inversely related to viral set points before therapy, 6 we found no association of potent viremia control with high cytotoxic T lymphocyte (CTL) and T helper levels in the 22 patients analyzed for neutralization activity (data not shown). Most notably, patients who potently suppressed viremia, both before ART and after STI, had significantly higher pre-existing neutralization titers than patients who were highly viremic ( Figure 6C) . Although it is difficult to define whether this higher neutralizing activity in the controlling patient group was cause or consequence of the enhanced viremia control, these results underscore the potential of the antiviral activity of antibodies in vivo. Of note, also in these controlling patients the increases in neutralization activity during the short and long STI cycles were negligible and were not associated with improved viremia control ( Figure 6D ). This is in contrast to STI after acute infection where induction of potent neutralizing activity in a subset of patients was reported. 19 Despite the fact that during chronic infection STI failed to boost neutralization activity, our observations suggest a protective role of neutralizing antibodies in vivo and highlight the need to develop strategies that are capable of evoking such responses. 
Discussion
The success of therapeutic vaccination will greatly depend on how capable immunogens are in eliciting broad immune responses, how these can be maintained and, most importantly, how effective the responses are in suppressing viremia. In this study, we performed a longitudinal analysis of binding and neutralizing antibody responses following STI to investigate the general potential of therapeutic vaccination in chronic infection. Exposure to autologous antigen during short-term treatment interruption reflects in many ways the situation of vaccination; however, unlike vaccination, treatment interruption bears the risk of damaging the immune system due to the ongoing virus replication. 20 Hence, particularly during prolonged exposure to virus replication, immune functions might decline rapidly and fail to initiate novel responses. Nevertheless, because appropriate immunogens that potently evoke immune reactivities comparable with replicating virus are not available, studying immune responses to viral antigen in the tightly controlled setting of STI bears great potential in exploring modes and patterns of immune stimulation in HIV-1-infected patients upon antigenic challenge.
Although the evoked responses in our study were modest and did not lead to potent suppression of viremia, the kinetics of the elicited antibody responses gave a reliable measure of the ability of the immune system to react to antigenic challenge and to decrease viral set points. In particular, the kinetics of anti-p24 responses allowed a clear distinction of the patients' immune functions: Individuals who had a rapid and high response decreased viral set points significantly.
To date, our most reliable markers to monitor disease progression are measurements of plasma viremia and total CD4 ϩ T-cell numbers in the periphery. However, although these measurements provide a clear reflection of the general clinical stage of the patients, subtle differences in immune functions cannot be defined by these parameters. After successful ART, absolute CD4 levels are at least in part restored, but this gain in absolute CD4 ϩ T-cell numbers does not necessarily coincide with a complete restoration of immune functions. [15] [16] [17] Our analysis of humoral immune responses in chronically HIV-1-infected patients illustrates that even individuals who have widely restored immune functions after successful antiretroviral therapy can differ substantially in their responses. In coming years it will remain a major challenge to define where exactly the restrictions in immune reconstitution are and how they can be overcome. Only when we are able to understand and reverse the deficiencies of the immune system that remain after successful ART can future therapies and vaccination be successful. A first step toward the understanding of these immune deficiencies is the identification of marker functions that reflect the functionality of the immune system. Definition of such surrogate markers would enable us to more accurately monitor and evaluate the success of immune reconstitution and vaccination strategies.
It has long been realized that anti-p24 antibody responses can bear prognostic value, and low, declining, or nonexisting anti-p24 responses are associated with disease progression. [21] [22] [23] [24] [25] Here we show that even in individuals with partially restored immune functions after prolonged ART, anti-p24 responses may provide a reliable marker to validate the responsiveness and capacities of the immune system. We found that the magnitude of the anti-p24 response was correlated with specific CD4 T helper frequency in the subset of patients in whom T help could be measured. If this observation can be confirmed in larger patient cohorts, longitudinal assessment of p24 antibody responses may provide a sensitive and accurate surrogate measurement for HIV-specific CD4 helper activity. Notably, no indication exists in the literature that anti-p24 responses are protective per se. Concordantly, specific increase of solely anti-p24 responses as achieved in vaccination with diverse p24 antigen regimens has not shown clinical benefits. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Hence, the boost in reactivites to p24 observed here likely reflects the capacity of the immune system to react to antigenic challenge and is not a direct correlate of protection. Previous studies on the prognostic value of antibodies to p24 measured absolute antibody levels at a specific time point and sought to derive associations with disease progression from these values. [21] [22] [23] [24] [25] Here we show for the first time that the kinetics of the anti-p24 response but not the absolute titers gives a reflection of the immune system's activity. Our analysis does not give an estimate of disease progression as previous studies have attempted but focuses solely on the ability of the patient to react to antigenic challenge. Judging from the retrospective assessment in our study, it is feasible that measurement of p24 antibody kinetics may be particularly helpful when assessing immune functions of patients participating in future vaccine trials.
Conflicting reports exist on the prognostic value of gp120 responses. Reactivities with specific epitopes on gp120 have been associated with good or bad disease prognosis, but the potency of the predictive value of these responses remains unclear. [23] [24] [25] [36] [37] [38] Here we show that high pre-existing gp120 binding antibody titers were a strong negative correlate of immune functions and viremia control. This may seem paradoxical because anti-Env antibodies can harbor inhibitory activity and, thus, high titers of these antibodies should be of benefit. However, antibodies reactive with monomeric gp120 as measured here do not necessarily correlate with neutralizing antibody titers 39 and could in principle also harbor enhancing activity. 40, 41 Although influence of enhancing antibodies cannot be ruled out, high anti-gp120 titers may well be consequence instead of cause of high viremia. Supporting the latter scenario, we provide evidence that patients with high anti-gp120 titers were subject to higher viral replication, which coincided with increased immune deficiency impairing novel antibody responses and viral defense mechanisms. Thus, anti-gp120 antibody titers might to some extent give a record of infection history and immune destruction. Which immune functions are impaired and how and why high anti-gp120 represents this unresponsive immune system will need to be further investigated, but it does not appear to be a simple function of length of infection before onset of ART, duration of ART, or absolute CD4 levels.
Although ample data exist demonstrating that neutralizing antibodies can protect against HIV-1 infection in vitro and in animal models in vivo, proof of their activity in infected humans remains circumstantial. 19, [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] Our analysis of neutralizing activity showed that high pre-existing neutralizing antibody titers correlated with potent viremia control, suggesting a role of humoral immunity in conferring protection in these individuals. Although STI induced binding antibody responses, which correlated with improved viral control, the increase in neutralizing activity was marginal and did not lead to this enhanced viral suppression. Antibodies directed against p24 are not known to bear substantial antiviral activity; nor do binding anti-gp120 responses necessarily reflect direct inhibitory activity. 41 However, both responses could potentially contribute to viral control by activating complement or effector functions such as antibody-dependent cellular toxicity. 41 Although the latter is in principle possible, it is likely that antibody responses by themselves were not the main correlate of the observed improved viremia control but reflect other immune parameters involved in HIV defense that were elicited alongside such as CD4 help.
Our studies provided us with general insights into the modes of antibody induction in chronic HIV-1 infection. We concluded the following: (1) anti-Env and anti-Gag responses are independently regulated in terms of magnitude as previously suggested 9 ; and (2) anti-Env and anti-Gag responses have different requirements on antigen presentation and immune functions: Induction of antigp120 responses is steered by antigen supply and pre-existing immune responses, whereas stimulation of anti-p24 responses seems to depend on T helper activity. It has been recently suggested that in mice particulate or oligomeric antigen (eg, viral particles) but not monomeric antigen stimulates a memory B-cell response in the absence of T help. 52 If the same applies for the human immune system, it is possible that some of the differences observed in our study are a result of the differential presentation of gp120 and p24 because the envelope proteins are accessible both in the oligomeric form on the virion and as a monomer in solution, whereas p24 antigen is presented to B cells only in a monomeric form.
Given the extended time periods of active virus replication required to mount changes in humoral immunity, it is unlikely that STI in its current form can be utilized to induce potent humoral immune responses. Exhaustion of the immune system and depletion of CD4 cells will occur, putting gains and losses of this approach in question. [4] [5] [6] [7] 14, 20 As a result, vaccination strategies capable of mounting responses similar to functional, replicating virus but without its drawbacks need to be designed. However, as we show here, the high and continuous exposure to antigen required to boost antibody responses in chronically infected patients will prove to be a challenge for therapeutic vaccination in general.
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